f?o:iOGG/Wo(^ 




EuropMisches Patentamt 
European Patent Office 
Office europ4en des brevets 





(11) Publication number : 0 537 968 A1 



EUROPEAN PATENT APPLICATION 



@ Application number : 92309288.6 
@ Date of filing : 13.10.92 



0 Int. CL^: B01D 53/36 



(30) Priority : 16.10.91 JP 298252/91 

@ Date of publication of application : 
21.04.93 Bulletin 93/16 



@ Designated Contracting States : 
DE FR GB 

Applicant : TOYOTA JIDOSHA ICABUSHiKI ' 
ICAJSHA 

1, Toyota-cho Toyota-slii 
Alchi-I(en 471 (JP) 

@ Inventor : Oshima, Yujiro, c/o K K.,.Toybte 
Chuo Kenkyusho 

41-1, Aza Yol(omiclii, Oaza Nagaliute, 
Nagaicute-cho 

Aichi-gun, Aichi-ken. 480-11 (JP) 



Inventor : Rfluraki, HideakI, c/o IC K. Toyota 
Cliuo Kenicyusltd 

41-1, Aza Yokomichi, Oaza Nagakuta, 
Nagakute-cho 
. Aich»-gun, Aichi-ken, 480-11 (JP) . 
Inventor : Yokota, Koji, c/o IC K. Toyota Chuo 
Kenkyusho 

41-1, Aza Yokomichiy Oaza Nagakuta, - 
Nagakuta-cho 

Aichi-gun,Aichi-ken, 480-11 (JP) 
Inventor : Nakanishi, Kiyosiii, c/o Toyota 
Jidosha K. IC 
1 Toybta-cho 

Toyota-shK Aichl-ken, 471 (JP) 

'@ Representative: Ben-Nathan, Laurence Albert 
eta! 

Urquhart-Dykes & Lord 91 WImpole Street - 
London W1M 8AH (GB) 



Nitrogen oxides decreasing apparatus for an internal combustion engine. 
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(g) A lean NOx reduction catalyst (2) capable of 
reducing NOx through reaction of H2 with NOx 
at low temperatures below 350X is installed in a 
downstream portion of an exhaust pipe (101) of 
an internal combustion engine (100) in or near a 
muffler (3). Such an NOx reduction catalyst (2) 
comprises, for example. Pt/zeolite catalyst An 
H2*generator (102) is installed so as to supply 
the 1^2 an inlet side of the NOx reduction 
catalyst (2). The H2 generator (102) may include 
a refomiing catalyst (1) for refomning methanol, 
LPG, or natural gas to generate IH2. The gener- 
ated H2 flows to the NOx reduction catalyst (2) 
where it reacts with NOx to purify the exhaust 
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where the methanol or hydrocarbons are reformed to 
generate H2. The generated H2 is supplied into the ex- 
haust conduit of the engine at the inlet side of the NOx 
reduction catalyst and Is mixed with NOx-containing 
exhaust gas fronn the engine. The NOx reduction cat- s 
alyst causes H2 and NOx to react with each other at 
low temperatures to reduce NOx. Since NOx is re- 
duced through reaction with H2 independently of a 
concentration of O2 included in exhaust gas, the air- 
fuel ratio can be freely determined from the viewpoint 10 
of good combustion and fuel economy without having 
to achieve minimum generation of NOx. As a result, 
a high fuel economy and good driveability can be 
maintained. 

The above-described object and other objects, 15 
features, and advantages of the present invention will 
become more apparent and will be more readily ap- ' 
predated from the following detailed description of 
the preferred embodiments of the invention taken in 
conjunction with the accompanying drawings, in 20 
which: 

FIG. 1 is a schematic system diagram illustrating 
a basic arrangement of an NOx decreasing appa- 
ratus for an internal combustion engine in accor- 
dance with the present invention; -25 
. FIG. 2 is a graphical representation of a specific 
fuel consumption versus air-fuel ratio character- 
istic; ' * " - 
FIG. 3 is a graphical representation of an NOx ^ 
and specific fuel consumption versus air-fuel ra- 30 
t\o characteristic; 

FIG. 4 is a graphical representation of an NOx 
conversion versus inlet gas temperature charac- 
teristic; 

FIG. 5 is a graphical representation of an NOx 3S 
conversion versus ratio of amount of supplied H2 
to amount of NOx characteristic; 
FIG. 6 is a schematic system diagram of an ap- 
paratus In accordance with a first embodiment of 
the invention; 40 
FIG. 7 is an enlarged cross-sectional view of an 
H2 generator of the apparatus of FIG. 6; 
FIG. 8 is a still further enlarged cross-sectional 
view of an inlet end portion of.the H2 generator of 
FIG. 7: 45 
FIG. 9 is a schematic system diagram of an ap- 
paratus in accordance with a second embodi- 
ment of the invention: 

FIG. 10 is an enlarged side view of one embodi- 
ment of an H2 mixer and NOx reduction catalytic so 
converter according to the invention; 
FIG. 11 is a graphical representation comparing 
NOx converting characteristics of a peltet-type 
catalyst and a monolithic catalyst used in the 
NOx reduction catalytic converter of FIG. 10; 55 
FIG. 12 is a partial cross-sectional view of a pel- 
let-type catalyst for use In the NOx reduction cat- 
alytic converter of FIG. 10; 



FIG. 13 is a partial cross-sectional view of a 
monolithic catalyst for use in the NOx reduction 
catalyst container of FIG. 10; 
FIG. 14 is a further englarged cross-sectional 
view of an H2 mixer for use in the apparatus of 
FIG. 10; 

FIG. 1 5 Is a cross-sectional view of the mixer tak- 
en along line 15-15 of FIG. 14; 
FIG. 16 is a schematic cross-section illustrating 
a dimensional relationship between a diameter d 
of an H2 injection nozzle and a diameter D of an 
exhaust conduit in the apparatus of FIG. 14; 
FIG. 1 7 Is a cross-sectional view of anot her mixer 
for use in the apparatus of FIG. 10; 
FIG. 18 is is a cross-sectional view of the mixer 
taken along line 18-18 of FIG. 17; 
FIG. 19 is a graphical representation of an NOx 
conversion versus inlet gas temperature charac- 
teristic of an apparatus In accordance with a 
fourth embodiment of the inventk3n; 
FIG. 20 is an enlarged partial cross-sectfonal" 
view of another embodiment of an H2 mixer and 
NOx reduction catalytic converter according to 
the invention; 

FIG. 21 is a cross-sectidnal view of the apparatus 
of the embodiment of FIG. 20 taken along line 21- ' 
21; and 

FIG. 22 is a partial cross-sectional view of still an- 
other embodiment of an H2 mixer and NOx reduc- 
tion catalytic converter according to the inven- 
tion. 

With reference to FIG. 1, in an NOx decreasing 
apparatus for an internal comtMJStlon engine in accor- 
dance with the present invention, an H2 generator 
102 for generating Hjand supplying the generated H2 
to an exhaust conduit 101 of an engine 100 includes 
a reforming catalytic converter 102 containing a re-' 
forming catalyst 1. Thr type of reforming catalyst 1 is 
selected according to the kind of fuel used in the en- 
gine. 

More particularly, in an engine using methanol as 
fuel, the following three types of reforming catalysts 
can be used: 

(1) At least one metal selected from the group 
consisting of noble metals such as palladium (Pd) 
and platinum (Pt). and transition metals such as 
copper (Cu), chrome (Cr), and nickel (Nl). is used 
as catalyst metal of the reforming catalyst. Me- 
thanol is evaporated by heat of the exhaust gas 
and is reformed at the reforming catalyst to gen- 
erate H2. The temperature of an inlet portion of 
the reforming catalyst is maintained at at>out 
300**C. The reaction at the reforming catalyst is 
as follows: 

CH3OH CO + 2 H2 

(2) A Cu-NI-Cr/alumina catalyst (Cu-Ni-Cr is de- 
posited onto a carrier of alumina) is used as the 
reforming catalyst. Methanol fuel is evaporated 
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air control valve 109. 

FIG. 5 shows curves of NOx conversion versus 
ratio of H2 to NOx. When H2 is supplied at the ratio 
that H2 ; NOx = 2 ; 1 . all NOx will be reduced as shown 
by the theoretical line in FIG. 5. if the NOx and the s 
supplied H2 react completely with each other. How- 
ever, since NOx and H2 will not react completely with 
each other, the actual conversion will be as shown by 
the experimentar curve in FIG, 5. At H2/NOX ratio less 
than 2.0, the experimental curve is positioned to the 10 
left of the theoretical line. This is because water va- 
por included in the exhaust gas is transformed into H2 
on the noble metal-type catalyst. Thus, more H2 than 
the amount supplied from the feforming catalytic con- 
verter is available to react with the NOx. is 

In one embodiment of the invention, a mixer tor 
mixing the supplied H2 with exhaust gas may be in-* 
stalled on an inlet side of the NOx reduction catalyst.' 
In another embodiment of the invention, the reform-' 
ing catalytic converter Is installed downstream of an 20 
oxidation catalyst disposed at an outlet of an exhaust 
manifold of the engine, and the NOx reduction cata-^ 
lyst is Installed In or downstream of the muffler so that 
the catalysts are maintained at respective optimum 
temperatures. 

In yet another embodiment of the invention, an • 
HC oxidation device for oxidizing HO and CO. such as ' 
an oxidation catalyst a three-way catalyst, and an ex- 
haust reactor is installed in a portion of the exhaust 
conduit dose to the exhaust manifold, and Pt-zeolite 30 
catalyst (where Ft is deposited on zeolite) is used as 
the lean NOx catalyst. Further, the NOx reduction 
catalytic converter and the exhaust muffler are inte- 
grally constructed into a single assembly in which the 
NOx reduction catalyst is provided with a muffler 35 
function. 

Further, in a diesel engine, a soot trapper or an 
unburned HC oxidizing device nnay be provided up- 
stream of the NOx reduction catalyst Furthermore, 
the present invention may be applied not only to a 40 
lean burn gasoline engine and a diesel engine but 
also to a hydrogen engine where hydrogen gas is 
used as fuel. In the case of a hydrogen engine, an H2 
generator Is not required and a portion of the H2 fuel 
can be supplied to an inlet side of the NOx reduction 45 
catalyst. 

These embodiments of the invention will be ex- 
plained in more detail below. 

FIG. 6 illustrates a first embodiment of the Inven- 
tion where the system of the invention is applied to a so 
lean burn gasoline engine 112 with an engine dis- 
placement of 1 liter. The engine 112 of the first em- 
bodiment is operated at excess air ratios of 0.95 - 1.0 
(slightly rich or just a stoichiometric air-fuel ratio) in an 
idling condition, at excess air ratios of 0.8 - 1.0 (rich) 55 
in a full load condition and a rapid acceleration con- 
dition, and at excess air ratios of 1.2 - 1.8 in the re- 
maining engine operating conditions. An oxidation 



catalyst 9 is installed in an exhaust conduit 113 near 
an outlet of an exhaust manifold 8 to oxidize un- 
burned products such as HC and CO. Further, an 
NOx reduction catalyst 12 is disposed in the exhaust 
conduit downstream of a muffler 13. A mixer 10 is pro- 
vided on the inlet side of the reduction catalyst 12 to 
evenly mix H2 with exhaust gas. 

An H2 generator 11 (shown in enlarged detail in 
FIG. 7) includes an inner core in the form of a coiled 
tube 114 inserted in the exhaust conduit. At an inlet 
end 114a of the inner core, an electromagnetic fuel in- 
jection valve 115 is provided for injecting methanol 
fuel into the inner core. An outlet end 1 14b of the Inner 
core leads to the mixer 10 through a conduit 116. As 
shown in FIG. 8, a porous ceramic member 117 for 
evaporating the methanol is located at the inlet of the 
inner core, and a reforming catalyst 14 in the form of 
pellets fills the inner core downstream of the metha- 
nol evaporating ceramic member. If the reforming cat- 
alyst is in monolithic form, the inner core is changed 
from a coil to a straight tube. Pd is used for the refornv 
ing catalyst. 

In FIG. 6, an intake air sensor 1 5 is installed in the 
intake conduit 118 to detecttheamountof air supplied 
to the engine 112, and an NOx sensor 16 is installed 
in the exhaust conduit of the engine to detect the NOx - 
concentration of the exhaust gas. In the one-liter erf- 
gine example of FIG. 6, since the nrK>les of H2 required 
are equal to the moles of NOx, 0.3 l/min of H2 is nec- ' 
essary at a vehicle speed of 50 Km/h and 1 .0 l/min of 
H2 is necessary when the engine is operated at the 
maximum output. The H2 is produced by reforming a 
portion of the fuel. The portion of fuel consumed to 
produce the required H2 is equal to or less than 1 - 2% 
of the fuel required to drive a vehicle. As an amount 
of 1 5 - 20% of fuel is saved by using a lean burn en- 
gine, the amount of 1 - 2% is negligible compared with 
the amount of 15 - 20%. Thus, the fuel economy of 
the lean burn engine is not degraded by adding an H2 
generator. In this connection, the amount of methanol 
required to generate the H2 is about Oil 5 l/min at a ve- 
hicle speed of 50 Km/h. 

In the first embodiment of the invention, since 
only a small amount of fuel is reformed by the H2 gen- 
erator 11 and NOx is reduced through reaction with 
the generated H2 at the NOx reduction catalyst 12 at 
low temperatures, the amount of NOx can be de- 
creased independently of the excess air ratio of the 
engine 112. CO. which may be produced together 
with H2, can be transformed by the following reaction: 

CO + H2O H2 + CO2 
Further, CO can be separated from H2 by a Pd mem- 
brane, and H2 of high purity can be supplied into the 
Inlet side of the NOx reduction catalyst 12. However, 
since the amount of produced CO is very small, CO 
acts as a reduction material in the NOx reduction cat- 
alyst 12. Thus, there is no fear that CO is exhausted 
to atmosphere. 
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monolithic NOx reduction catalyst. 

For example, the effect of the mixer was evalu- 
ated using a lean burn gasoline engine of 1.6 liters. 
In the tests, the engine speed was 2000 rpm, the tor- 
que was 40 Nm, and the NOx exhaust amount was s 
0.44 l/min. Without an H2 mixer, the H2 amount re- 
quired to purify the NOx was 0.661 min, and the 
amount of fuel (methanol) to generate the H2 was 
0.33 l/min. 

When the mixer of FIGS 17 and 18 with the ratio 10 
D/d of 2 was used, the amount of H2 was 0.44 l/min, 
and the amount of fuel to generate the H2 was 0.22 ' 
l/min. Therefore, the amount of 0. 11 l/min of fuel could ' 
be saved as compared with the above-described 
case having no mixer. 15 

FIGS. 20 and 21 illustrate anot her embodiment of ' 
an H2 mixer and NOx catalytic converter wherein a ' 
lean NOx catalyst 82 is disposed in a muffler 80.' ' 
When the NOx reduction catalyst is disposed in or * ' 
near a muffler, where the exhaust gas temperature is - 20 
low. the reaction rate of H2 with NOx is not high. So,* 
the NOx reduction catalyst should be used at SV val- 
ues (a ratio of the volume of exhaust gas passing 
through the catalyst to the volume of the catalyst) of 
10.000 - 60,000, which are smaller than the SV val- - 25 
ues of 50,000 - 100,000 of the conventional catalyst 
disposed near the exhaust manifold. This means that ' 
the required volume of the NOx reduction catalyst be- 
comes greater than that of the conventional catalyst * 
disposed near the exhaust manifold. ^' * ' '30 

To make installation of the NOx reduction catalyst 
easy, the NOx reduction catalyst 82 and the muffler 
80 are integrated as a single assembly 83 in the em- ' 
bodiment of FIGS. 20 and 21. wherein the lean NOx 
catalyst 82 rs disposed in the exhaust muffler 80 so 35 
that the assembly 83 of the NOx reduction catalyst 
(Pt-zeoiite catalyst) and the exhaust muffler is made 
compact. 

Exhaust gas mixed with H2 flows to the integral 
assembly 83 of the catalyst and muffler. The exhaust 40 
gas mixed with H2 collides with a mixing plate 84 
which has many apertures 85 of different sizes. When 
the exhaust gas mixed with H2 flows through the 
apertures 85. the exhaust gas and H2 mix well with 
each other. Then the mixed gas flows to the mono- 45 
I it hie catalyst 82. Since no aperture is provided at a 
center portion of the mixing plate 84. the exhaust gas 
will not concentrate in a central portion of the mono- 
lithic catalyst 82. Since the sizes of the apertures 85 
are different from each other, the speeds of portions so 
of gas passing through the apertures are different so 
that the portions of gas are agitated and the sound 
is muffled due to interference between portions of the 
gas. 

Since the muffler is usually disposed at a tale 55 
pipe of the exhaust conduit and the exhaust gas has 
been cooled before flowing to the muffler, the tenrv 
perature of the gas entering the muffler is about 150 



- 200**C at the maximum, and about 100 - 150*»C in 
normal operations. 

In the cases of the conventional three-way cata- ' * 
lyst and the conventional Cu/zeolite-type lean NOx' 1' 
catalyst reducing NOx in the presence of HC. since ' 
these catalysts can show activity only in a temperai- 
ture range above 300 - 400''C. they are not allowed 
to be disposed in a tailpipe muffler. As discussed 
' above, however, when NOx reduction is effected by 
H2 instead of by HC, NOx purification at low temper- 
atures is possible. However, even in those cases, the 
temperature is in the range of 150 - 300**C and is 
slightly higher than the inlet temperature of the ex- 
haust muffler. 

It was experimentally investigated from the view- 
point of catalyst activity what kinds of catalysts should 
be used. From the experiments, it was found that Pd 
and Rh showed no activity, Cu showed a low activityf " ^ 
and Pt showed a high activity to reduce NOx in coop- 
eration with H2. However, it was also found that Pt ' 
should be highly distributed and that, for the high dis^*';' 
tribution, a carrier having a high specific surface krea. 
(greater than 100 m^/g) such as alumina, silica, or^'*^ 
zeolite was necessary. 

Further, it was investigated whether the exhaust 
gas should be prelreated before mixing with H2. The' 
experiment results are shown in FIG. 19. More partio-'*' 
ularly, when exhaust gas with no pretreatment wSs^^ 
mixed with H2 amd the mixture was then introduced ' 
to the lean NOx catialyst (Pt catalyst), the lean NOx 
catalyst exhibited its peak activity at about 250*C, as 
shown by characteristic curve B in FIG. 19. On the 
other hand, if an oxidizing device such as an after- ' 
burner, a reactor, a three-way catalyst, or an olcida- 
tion catalyst was installed in the vicinity of the engine 
exhaust manifold, when exhaust gas was caused to' 
flow through the oxidizing device so that CO and HC 
were removed from the exhaust gas, the lean NOx 
catalyst showed its peak activity at 100 - 150**C, as 
shown by characteristic curve A in FIG. 19. 

This temperature range of 1 00 - 150®C coincides 
with the inlet temperature of the exhaust muffler, 
which means that it is possible to install the Pt/zeolite- 
type NOx reduction catalyst 80 within the exhaust 
muffler 80. Further, it was found that it would be bet- 
ter to remove HC and CO from the exhaust gas before 
the exhaust gas reached the NOx reduction catalyst. 
This is because NOx conversion by the lean NOx cat- 
alyst would be improved if no soot resulting from in- 
complete burning of HC were formed on the catalyst. 

Further, the sound muffling effect is improved by 
installing an interference tube EX1 at a location down- 
stream of the monolithic converter 82. 

An H2 mixing and NOx reduction catalytic conver- 
ter apparatus of FIG. 22 is different from the appara- 
tus of FIGS. 20 and 21 only in the structure of the mix- 
er. More particularly, the mixer of FIG. 22 comprises 
a mixing pipe 86 having a plurality of apertures 85. 
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a mixer (10) for mixing H2 with exhaust gas from 
the engine, the mixer (10) being located in the ex- 
haust conduit at an inlet side of the NOx reduction 
catalyst (2. 12). 

5 

13. An apparatus according to claim 1, further com- 
prising an oxidizing device (9) located in the ex- 
haust gas conduit upstream of the NOx reduction 
catalyst foi^ oxidizing HC and CO included in ex- 
haust gas from the engine, and wherein the en- jo 
gine has an exhaust manifold having an outlet, ^ 
the H2 generator (11) k)eing disposed at the outlet 

of the exhaust manifold, and the NOx reduction 
catalyst (12) being located in the muffler or a por- 
tion of the exhaust conduit downstream of the - 15 
muffler (13). 

14. An apparatus according to claim 1, further com- . 
prising an oxidizing device (9) for oxidizing HC ; • 
and CO Included in exhaust gas from the engine, 20 
and wherein the NOx reduction catalyst (12) is a 

Pt type catalyst which comprises platinum depos- 
ited on a carrier selected from the group consist-.' 
ing of zeolite, silica, and alumina. 

; - 25 

.15. An apparatus according to claim 14, wherein the — - 
Pt type catalyst of t he NOx reduction catalyst (82) 
is housed in the muffler (80) to constitute a single 1 
assembly of the NOx reduction catalyst and. the ^ ^ - 
muffler. ' *^ ^3oL 

16. An apparatus according to claim 1. wherein the 
H2 generator (1 02) includes an Inner core con- 
sb-ucted of a coiled tube (114) inserted in the ex- 
haust conduit, an electro-magnetic injection 35 
valve (115) for injecting methanol into one end 
portion, and a reforming catalyst (14) housed in 

the inner core and including Pd. 

17. An apparatus according to claim 1, wherein the 40 
NOx reduction catalyst (2) comprises a pellet 
type catalyst (61). 

18. An apparatus according to claim 12. wherein the 
NOx reduction catalyst (2) comprises a monolith- 45 
ic type catalyst (62), and wherein the mixer (10. 

69) comprises an injection nozzle (63) connected 
to the H2 generator and having a plurality of radi- 
ally directed holes (64) for Injecting H2 there- 
through, so 



duction catalyst (60) by a distance at least twice 
the Inside diameter of the exhaust conduit (65) 
and no nriore than ten times the inside diameter 
of the exhaust conduit (65). 

20. An apparatus according to claim 12, wherein the 
NOx reduction catalyst (2) comprises a monolith- 
ic type catalyst (62). and wherein the mixer (10) 
comprises an injection nozzle (66) having a first 
diameter, and a cylinder (68) coaxial with and 
downstream of the injection nozzle (66). the cy- 
linder (68) having a second diameter greater than 
the first diameter and having a plurality of injec- 
tion apertures (67) formed in a wall of the cylin- 
der. 

21. An apparatus according to claim 20, wherein a ra- 
tio of the second diameter to the first diameter is 
in the range of 1.7 to 3. 

22. An apparatus according to claim 21, wherein the 
ratio of the second diameter to the first diameter 
Is substantially 2. 

23. An apparatus according to claim 15. further com- 
prising a mixing plate (84) disposed in the muffler 
(80) and upstream of the NOx reduction cata^st 
(82). the mixing plate (84) comprising a plate hiav- 
ing apertures (85) of different sizes. ; 

- 24. An apparatus according to claim 1 5. wherein the 
means for supplying the generated H2 comprises 
a mixing pipe (86) disposed in the muffler and 
connected to the exhaust conduit, the mixing 
pipe (86) having apertures (85) formed in a wall 
of the mixing pipe (86). the H2 generator injecting 
the generated H2 into the mixing pipe (86). 

25. An apparatus according to claim 14. wherein the 
oxidizing device is any one of an afterburner, a re- 
actor, a three-way catalyst, and an oxidation cat- 
alyst 



19. An apparatus according to claim 18. wherein the 
injection nozzle (63) has an outside diameter 
equal to or greater than 20% of an inside diameter 
of the exhaust conduit (65), the exhaust conduit 55 
t>eing enlarged in diameter at a portion in which 
the injection nozzle is disposed, the injection 
nozzle (63) being spaced apart from the NOx re- 
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